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The present invention relates to a method for using the complete 
resource capacity of a synchronous digital hierarchy network, subject to 
a protection mechanism, in the presence of a data (packet) network, 
and relating apparatus for the implementation of the method. 
5 When a data packet network is deployed over a synchronous 

digital hierarchy network (as SDH or SONET) infrastructure, both TDM 
(Time Division Multiplex) and Data (packet) traffic are carried. In the 
following the synchronous digital hierarchy network will be identified 
with the term SDH/SONET. 

10 In the SDH /SONET network, when it is organized in a ring 

configuration, one of the most common protection systems deployed is 
the well known MS-SPRING protection mechanism, as described in the 
standard ITU-T G.841, whereby the transport capacity is divided 
between Working and Protection capacity/ channels. Every Working 

15 channel has a corresponding Protection channel to be used by the MS- 
SPRING protection mechanism to restore the traffic of the working 
channel in case of failure. 

In normal non-failure conditions the Working channels carry data 
and TDM traffic, and the Protection channels may be used to carry the 

20 so-called low- priority "extra- traffic". 

However in case of failure, the low-priority "extra- traffic" in the 
Protection channels is pre-empted by the MS-SPRING protection 
mechanism to allow restoration of the traffic of the Working channels. 

Therefore this protection mechanism has the main drawback that 

25 in practice 50% of the global SDH /SONET capacity resources are 
wasted and typically are not used for transporting traffic, just because 
this traffic should have to be pre-empted in case of failure, this way 
reducing drastically the reliability of the transmission of the extra- 
traffic. 

30 This problem is particularly important due to the strong need to 

transport data over SDH /SONET, and therefore the SDH /SONET 
capacity must be used in a more efficient way. 

The same considerations are applicable to the more general 



situation of ring or meshed networks with other types of protection 
deployed, such as ring SNCP (Sub-Network Connection Protection) 
where a protection capacity is shared among N working capacities. 

Therefore the main object of the present invention is to provide a 
method for using the complete resource capacity of SDH /SONET 
network, subject to a protection mechanism, in the presence of a data 

(packet) network. 

A further object is to provide an apparatus for the implementation 

of the method. 

The basic idea of the present invention is to use the complete 
SDH/ SONET protection (spare) capacity to carry data traffic in both 
normal and failure conditions. 

More in detail in non-failure conditions the working capacity 
carries TDM and every type of data traffic (high, medium, low priority), 
while the protection one can tranport only low priority data traffic. 

In case of failure the working capacity is cut, and: 

the TDM traffic is subject to the known protection mechanism 
and is shifted over the protection capacity; 

the part of high (and medium) priority data traffic is shifted over 

the protection capacity; 

a part of the data low-priority extra-traffic (transported over the 
protection capacity in normal conditions) will share the remaining 
protection capacity with the low-priority best-effort part of the data 
traffic transported over the working capacity. 

In a variant embodiment the protection capacity carries also the 
below defined NUT (Not pre-emptable unprotected traffic) data traffic in 
both normal and failure conditions. 

The method subject of the invention is applicable to any kind of 
SDH /SONET networks, ring or meshed, physical or virtual, and with 
any known protection mechanisms deployed, like MS/SPRING, SNCP, 
or others. 

These and further objects are achieved by means of a method and 
apparatus as described in the attached claims, which are considered 
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an integral part of the present description. 

The invention will become clear from the following detailed 
description, given by way of a mere exemplifying and non limiting 
example, to be read with reference to the attached drawing figures, 
5 wherein: 

Figure 1 shows a schematic view of a known SDH/ SONET node of 
a ring-like network; 

Figure 2 shows the behaviour of the SDH/ SONET node in case of 

failure, according to a first variant of the invention; 
10 - Figures 3 and 4 show the behaviour of the SDH/ SONET node, 

according to a second variant of the invention, with presence of the NUT 

data traffic component; 

Figures 5, 6 and 7 show the internal constitution of a 

SDH /SONET node, to implement the invention. 
15 With reference to Fig. 1, NE shows a schematic view of a known 

SDH /SONET node of a ring-like network, in which the known 

MS/ SPRING protection mechanism is deployed. The ring may be a 

phisical ring or a virtual ring, that's a sub-network built on a physical 

meshed topology. 

20 Between the nodes the connection resources are provided through 

working connection capacity WRK and protection (spare) connection 
capacity PROT, the protection connection capacity being normally equal 
to the working one. 

When a data packet network PKT is deployed over the 

25 SDH/ SONET ring infrastructure, both TDM (Time Division Multiplex) 
and data traffic DATA have to be carried on the SDH/ SONET ring. The 
data traffic may have different levels of Classes of Service CoS, 
depending on the level of priority/ importance. 

In the following, reference is made to the following three known 

30 Classes of Service: High Priority , Medium Priority , Low (best-effort) 
Priority class of service, even if it is clear that any different subdivision 
may apply. 

The High priority is a data traffic with guaranteed bandwidth and 



full protection to be applied, like the TDM traffic; the Medium priority 
CoS is a data traffic with two traffic components, the one with 
guaranteed bandwidth like the high one, the other with non-guaranteed 
bandwidth; the Low priority CoS is a best-effort data traffic with non- 
guaranteed bandwidth. 

In the following the data traffic will be indicated by DT-H, that is 
the High priority CoS and the first part of Medium priority CoS with 
guaranteed bandwidth and full protection, and DT-L, that is the second 
part . of Medium priority CoS and. the .Low priority . CoS with non- 
guaranteed bandwidth. 

In the normal non-failure conditions, the working capacity WRK 
carries all the TDM and data traffic DT-H, and possibly a part of the 
data traffic DT-L, depending on the total capacity, while the protection 
(spare) capacity PROT may or may not be used for earring extra data 
traffic DT-L (in the following, extra-traffic DT-L), depending on the above 
described pre-emption problem. 

With reference to Fig. 2, a first embodiment of the invention is 
described, relating to the case of spare capacity PROT used to cany 
best-effort Class of data, traffic. In case of failure the working capacity 

WRK is cut, and: 

the TDM traffic is subject to the known MS/ SPRING protection 
mechanism whereby it is shifted as such over the protection capacity 
PROT; 

the data traffic DT-H is shifted over the protection capacity PROT, 
like TDM; 

a part of the extra-traffic DT-L which was transported over the 
spare capacity PROT will share the remaining protection capacity PROT 
with the data traffic DT-L transported over the working capacity WRK 
(now protected), according to a sharing mechanism described below. In 
this way the best-effort traffic is not pre-empted, so there is not a 
service interruption, but only a service degradation due to the sharing 
of the available transport resources of the remaining part DT-L 1 of the 
protection capacity PROT. 
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With reference to Fig. 3, a second embodiment of the invention is 
described, relating to the case when a part of the protection capacity 
PROT is reserved to carry the so-called NUT (Not pre-emptive 
Unprotected Traffic) data traffic which can not be used nor pre-empted 
5 by the MS-SPRING mechanism. The NUT capacity is used only by the 
data network and if necessary may be subject to a protection 
mechanism at level L2 layer (i.e. RPR, ATM, ...). 

With reference to Fig. 4, in case of failure, the working capacity 
WRK is cut, and the protection capacity PROT is used as in the 
10 embodiment of Fig. 1, but the NUT part which is not available and must 
be left as it is. 

As a non limiting example, let's suppose this scenario : we have 
to transport 10% of TDM traffic and 80 % of data traffic by using a 
typical 2F MS /SPRING protected SDH/ SONET ring infrastructure (X 

15 capacity with X=155, 622,2400, 10000 Mbps) . In the traditional known 
approach the 50% of X is used as spare capacity, and not available. 
According to this proposal only 10% of this capacity is used as spare 
capacity (to protect the TDM traffic that is 10% of the total. The 
remaining capacity is shared by the different types of data traffic. 

20 With reference to figures 5, 6 and 7, it is described in the 

following how the network element NE works to implement the method 
according to the invention. 

The subsystem of a network element NE that manages the MS- 
SPRING protection mechanism can be represented as shown in Fig. 5: it 

25 comprises basically an APS Controller APS-CONTR module and an 
Actuator ACTUATOR module. 

The APS-CONTR module, by running the known APS engine on 
each network element NE of the network, manages the signal protocol 
used by the MS-SPRING protection mechanism, according to the 

30 SDH/SONET bi-directional ring protocol (standard ITU-T G.841). 

The APS-CONTR module is basically a state machine running the 
APS engine which analyzes input data coming from: 

- incoming signal protocol from APS bytes of the MS overhead of the 



SDH/ SONET frames; 

- externally initiated commands; 

- detected faults on working and/ or protection channels. 

The APS-CONTR module must develop, according to the ITU-T 
G.841 rules, the outgoing signal protocol to the APS bytes of the MS 
overhead of the outgoing SDH/ SONET frames, and the further "local 
actions" to be performed by the ACTUATOR module over the connection 
matrix of the cross-connect in the network element, namely it must 
establish the new matrix connections (for the network- element) in order 
to restore the failed working connectivity according to the MS-SPRING 
protocol rules. 

The behaviour of the APS-CONTR subsystem is therefore such 

that: 

- the Fault detector signals the trigger events for the APS state 
machine; 

- the APS state machine runs the signal protection protocol, according 
to the ring status and the trigger events; 

- the APS state machine according to the new ring status, the traffic 
. maps, and the ring topology acts to heal the working connections by 

operating on the cross-connection through the actuator. 

As it will be described in the following, the APS-CONTR module of 
the MS-SPRing mechanism is not affected by the present invention, it 
behaves like in the known way. Only the Actuator ACTUATOR module is 
affected. 

Figures 6 and 7 show the internal constitution of the switching 
part TDM-SWC of the network element NE, and how it works according 
to the invention respectively in the non-failure and failure condition. 

TDM-SWC comprises a switching part for the TDM traffic, coming 
from the input interfaces TDM-IF and switched to the output interfaces 
TDM-OF sending TDM traffic over the TDM part of the working 
channels WRK, in the non-failure condition. 

The passthrough traffic is not depicted for simplicity, since it is 
described the behaviour for a node that sources the traffic. 



TDM-SWC further comprises a switching sub- system PKT-SWC 
for the data traffic coming from the input interfaces PKT-IF. 
PKT-SWC comprises: 

an input mapper module MPR which recognizes the class of 
service of the input data traffic, High (and medium) DT-H or low DT-L 
priority traffic. The high priority part of the data traffic is carried over 
the DATA part of the working capacity WRK in non-failure conditions, 
since it must be protected. The low priority part can be carried over 
either the DATA part of the working capacity WRK or the spare capacity 
PROT, since being best effort traffic it could be not protected; 

a load balancer module L-BAL which has the task of assigning the 
data traffic to the correct output interfaces TDM-OF in both non-failure 
and failure conditions. 

In practice the load balancer L-BAL task is to: 

- divide the high priority from the low priority data by mapping them 
in different VCs (Virtual Containers) of the SDH/ SONET frames , the 
ones belonging to the working capacity and the others belonging to 
the spare capacity; 

- apply a function of statistical multiplexing for the low priority data 
traffic to access the dedicated VCs; this function can be the known 
Statistical Time Division Multiplexing (STDM): it is a form of time 
division multiplexing in which a given data stream can obtain more 
or less bandwidth dynamically, based on its needs and on the 
demands of other data streams; it is known and used in devices 
such as outers, LAN switches, and frame relay switches. 

- balance the low priority data traffic in both non-failure and failure 
conditions. 

In the known systems, in case of failure and a consequent protection 
switch, the working traffic will access the protection channels causing 
extra traffic to be removed from the protection channels. 

More in detail in the known MS-SPRing system the nodes 
adjacent to the failure manage a so-called "bridge" and "switch" action. 
All the other nodes (intermediate node) are not involved in the 
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protection process; they only make a pre-emption, of their extra traffic, 
establishing the pass-through connections over the protection channel. 
By consequence under protection switching (of both span and ring type) 
all the protection channels are used to restore the working one. 

Instead, according to the invention, only the TDM traffic and the 
high priority component of the data traffic must be protected; their 
total contribution must be less than the total working capacity. 

With reference to Fig. 7, in case of failure, the TDM and DT-H 
traffic will be rerouted on the spare capacity PROT and the remaining 
part of PROT will be used to carry DT-L traffic. Of course the low 
priority component DT-L will be accordingly managed to guarantee the 
spare resources to the protected traffic (both TDM and DT-H), by 
applying the above described function of statistical multiplexing. 

To allow this feature, the Actuator engine of MS-Spring will be 
affected. 

In the known MS-SPRing system the Actuator engine, after 
receiving the starting command from the APS engine , performs the 
following actions on all the spare capacity connections, in case of 
failure: - - t- ........ 

- Squelch all the low priority traffic (force AIS to avoid mis-connection); 

- Bridge and Switch - it acts the cross-connection capability to 
restore the working traffic - all the spare capacity resources are 
used to restore the working ones. 

- remove AIS. 

According to the invention, the Actuator engine ACTUATOR of Fig. 
5, also shown in Fig. 6 and 7, performs the following actions on the 
spare capacity connections, in case of failure: 

- Squelch partially the low priority traffic (force AIS not on the overall 
capacity), pre-empting only the part necessary for protection of TDM 
and DT-H traffic. 

- Bridge and Switch - it acts the cross-connection capability to restore 
the working traffic (TDM and DT-H) - not all the spare capacity 
resources are used to restore the working ones. 



9 



- remove AIS. 

- Balance the access for the low priority data traffic to the remaining 
spare capacity by statistical multiplexing. 

In case of presence of the NUT traffic component, the block PKT- 
SWC manages NUT in a known way, so as to allocate it in the PROT 
capacity. 

The load balancer L-BAL and the Actuator provide for arranging 
the various traffic components in the PROT capacity, keeping the NUT 
component unaffected in both normal and failure conditions. 

Further implementation details will not be described, as the man 
skilled in the art is able to carry out the invention starting from the 
teaching of the above description. 

Many changes, modifications, variations and other uses and 
applications of the subject invention will become apparent to those 
skilled in the art after considering the specification and the 
accompanying drawings which disclose preferred embodiments thereof. 
All such changes, modifications, variations and other uses and 
applications which do not depart from the spirit and scope of the 
invention are deemed to be covered by this invention. 

For example the same technique is applicable to the more general 
situation of a ring or meshed network with other types of protection 
deployed, such as ring SNCP (Sub- Network Connection Protection), 
where a protection capacity is shared among N working capacities. Also 
in the case of the known N:l protection mechanism, the first working 
capacity which is shifted on the relating protection capacity following to 
a failure, behaves like in the case described in the above example in the 
known systems, therefore can be subject to the use of the complete 
protection resource capacity of the method subject of the invention. 
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Claims 

1. Method for using the complete resource capacity of a 
synchronous digital hierarchy network, subject to a protection 
mechanism, in the presence of a data (packet) network, said network 
comprising nodes bidirectionally transmitting TDM and Data traffic over 

5 Working and Protection capacity/ channels, characterized in that it 
comprises the following steps, in case of failure at the affected nodes: 
the working capacity is cut; 

the TDM traffic is subject to said protection mechanism, and is 
shifted over the protection capacity; 
10 a part of high priority data traffic is shifted over the protection 

capacity; 

a part of low-priority data traffic, transported over the protection 
capacity in normal conditions, is caused to share the remaining 
protection capacity with the low-priority part of the data traffic, 
15 transported over the working capacity in normal conditions, in such a 
way as the complete protection capacity is used to carry data traffic in 
both normal and failure conditions. 

2. Method according to claim 1, characterized in that it 
comprises the further step of reserving a part of the protection capacity 

20 to carry NUT (Not pre-emptive Unprotected Traffic) data traffic in both 
normal and failure conditions. 

3. Method according to any of claims 1 or 2, characterized in 
that said sharing of the remaining protection capacity for carrying the 
low priority data traffic is made by applying a function of statistical 

25 multiplexing to said low priority data traffic coming from both the 
working and the protection capacity, so as in case of failure there is not 
a service interruption, but only a service degradation. 

4. Method according to any of claims 1 to 3, characterized in 
that in said network nodes an Actuator function is performed on the 

30 connection matrix of the cross-connect, whereby in case of failure the 



new matrix connections to the protection capacity are established in 
order to restore the failed working capacity, said Actuator function 
causing the performing of the following actions on said protection 
capacity, in case of failure: 

- squelching partially the low priority traffic, present before the failure, 
and pre-empting only the part necessary for carrying said TDM and 
high priority data traffic; 

- Bridge and Switch: acting the cross-connection matrix to restore the 
TDM and high priority data traffic; 

- balancing the access for the low priority data traffic to the remaining 
spare capacity by said statistical multiplexing. 

5. Method according to any of claims 1 to 4, characterized in 
that said network is a ring network subject to a MS/ SPRING protection 
mechanism. 

6. Network node for carrying out the method of any of claims 1 
to 5, characterized in that it comprises: 

a first switching element (TDM-SWC) to switch the TDM traffic 
over the TDM part of the working channels (WRK), in the non-failure 
condition, or over the protection capacity (PROT) in case. of failure; 

a second switching element (PKT-SWC) for the data traffic, 
comprising circuits to perform the following actions: 

recognizing the class of service of the input data, said high (DT- 
H) or low 

(DT-L) priority data traffic; 

assigning the data traffic to the correct output on said working or 
protection capacity in both non-failure and failure conditions, so as in 
failure conditions all the high (DT-H) priority data traffic is switched 
over the protection capacity, and the low (DT-L) priority data traffic is 
switched over the protection capacity according to said function of 
statistical multiplexing. 

7. Network node according to claim 6, characterized in that 
said second switching element (PKT-SWC) comprises: 

an input mapper module (MPR) for the said recognizing of the 
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class of service of the input data; 

a load balancer module (L-BAL) for the said assigning of the data 
traffic to the correct output in both non-failure and failure conditions, 
said load balancer (L-BAL) comprising circuits for: 

- dividing the high priority from the low priority data by mapping them 
in different Virtual Containers (VCs) of the synchronous digital 
hierarchy frames; 

- applying the said function of statistical multiplexing for the low 
priority data traffic to access the dedicated VCs; 

- balancing the low (DT-L) priority data traffic in both non-failure and 
failure conditions, so as in failure conditions said low priority data 
traffic is switched over the protection capacity according to said 
function of statistical multiplexing. 

8. Synchronous digital hierarchy network, subject to a 
protection mechanism, with a data (packet) network deployed over it, 
said network comprising means for performing the method of any of 
claims 1 to 5. 

9. Synchronous digital hierarchy network, subject to a pro- 
tection mechanism, with a data (packet) network deployed over it, said 
network comprising network nodes according to any of claims 6 or 7. 
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Abstract 

Method for using the complete resource capacity of a synchronous 
digital hierarchy network, subject to a protection mechanism, in the 
presence of a data (packet) network, and relating apparatus for the 
implementation of the method. 

The present invention provides for a method and apparatus for 
using the complete resource capacity of a synchronous digital hierarchy 
infrastructure, with a protection system, in the presence of a data 
(packet) network, in which the complete SDH/ SONET protection (spare) 
5 capacity is used to carry data traffic in both normal and failure 
conditions. 

In case of failure the working capacity is cut, and the TDM traffic 
is subject to a protection mechanism and is shifted over the protection 
capacity; the part of high (and medium) priority data traffic is shifted 
10 over the protection capacity; a part of the data low-priority extra- traffic 
(transported over the protection capacity in normal conditions) will 
share the remaining protection capacity with the low-priority best-effort 
part of the data traffic transported over the working capacity (Fig. 2). 
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